
p~)~IIRosoaroh Contraot DI14q-0O-p-31L 'b11'-e' "
''~ ~ ' botwoon tho Liodioal Rosooaroh and Dovoloprnont Board,4 a--
RomOffico oi' tho Surgoori Gonoral, Dopartnorit of the ArmW

and tho Prosidont and Follows of Harvard College.

4Fiml Roport on Contraot, Covering All.,!or;- Dono Under Conlvraot

'Zonraot Dates 1 Juno 1952 to 3). August 7-954~

TR MATt2NT OF 'VWATER BYR CG?(,

Rosponsiblo Invostigatort Edwc-,rd W. 1.ocro, i . sociato Profossor
of Saitary Chcmiastr-y

Prinoipal Assist.ntu Goorgo T. Bnyant

HARD cp
IROFICHE

IR



OLEARININOUSE FOR FlDVIIAL SCIENTIFIC AND TECHNICAL INFOkILATIOU, Ill
lINPUT SECTION 41.11

LIMITATIONS IN REPRODUCTION QUAUTY OF TECHNICAL ABSTRACT BULLETIN
DOCUNNTS, DEFENSE DOCUMENTATION CENTER (00)

1. AVAILABLE ONLY FOR REFERENCE USE AT O FIELD SEKICEO.
COPY IS NOT AVAILABL E FOR PUBLIC SALE.

2. AVAILABLE COPY WILL NOT PEROT FULLY LEGIBLE REPRODUCTION.
REPRODUCTION WILL BE MADE IF REQUESTED BY USERS OF D0.

Q A. COPY IS AVAILABLE FOR PUBLIC SALE.

S B. COPY IS NOT AVAILABL9 FOR PUBLIC SALE.

' S. LIMITED NUMBER OF COPIES CONTAINING COLOR OTHER THAN BLACK
AND WHITE ARE AVAILABLE UNTIL STOCK IS EXHAUSTED. REPRODUCTIONS
WILL BE MADE IN BLACK AND WHITE ONLY.

TSL-121-2/64 DATE PROCESSED: # *- " ' -

PROCESSOR:



-- ,

-2w

1. Rriof 8uW r (of Findipgs undor Contract.

Baotoria, amobio oysts, and staphyloooous phago partiolos used
as virus simulants, wore offootively removod from distilled wator
sus ponsion under laboratory oonftions, by aerating those suspensions
for five to ton minutes with fine bubbles, after addition of 5 or 20
n&/l of sovoral quatornary armonium compounds. The organisms wore
presumably oithor killod by the disinfocting aotion of tho quatornarios,
or removed in the foam of air bubbles coning off the suspensions or bothe
Tho proooduro seemed to offer prom?-so as a moons for rapid purifioation
of water with simplo oquipmont in the field. Further invostigation
showed that tho romoval was advorsoly affootod by loworing tho tempora-
ture of the wator. It was also adversely affootod by sovoral oonpononts
presont in natural vwctorsa those identifiod in the time availablo for
rosoaroh woro (a) the hardness ions, 0%++ and Mg++ (b) trivalont ions
such as A1+++ and prcsumbly Fo++(o) organic color compounds and pro-
surmbly other organic nttor (d) turbidity when prosni; along with
faotor (a). The prosonce of other unidontifiod intorforonoos is in-
dioatod. The advorse offoots aro roughly additivo, so tkAt a highly
oolorod, hard natural viater at a lov tonpcraturo might roquiro 50 or 100
mg/l of quatcrnary, and aeration for a much longer period, to arri.-o at
a satisfactory dogree of purifioation. Elcotrophorotic exporimnts
showod that the addition of quatornarios to distillod tor suspensions
of ooliform organisms produocd a rovorsal in sign of ohargo--fron
notivc to positive--in the organdsms, at very low quatornary dosagos,
YVhon any of the advcrso factors were present, this reversal in sign
roquirod very much groator amounts of quatornary, The presumption is
that the adverso factors intorforo in various ways with the sorption
of quittornary by the organism.

Since the proooss proved so sonsitivo to conditions and water
coponents likely to bo enoounterod in the field, it vms concluded
that further investigation of the process as a field vmtor-purifi ation
mothl was urarrantod at present. If moans can be found for over-
coming the adrorso offoots onoountorod in natural wators, thia con-
olusion would, of oourso bo altered.

II. Baokround and Purposo of Rso.arch.

This rosearoh projot was initiated to invostigato the possibility
of purifying vrator by flotation with quatornary a=nonium oompounds and
air, as originally suggostod by Professor S. H. Hopper of Indiana
University, Sinoo the proooss oonocivably could be adaptod to wator
purifica'tion for military installations in the field, a research pro-
gram was sponaerod by the Offioo of the Surgeon Gonoral, Doparzraont of
the ArLW. The parpoo of this rosoaroh was to invostigato in dotail
the offootivonosi of tho proocse in ronoving the various olassos of
patho-,onso namoly baotoria, amoobio oysts, and viruses from oontaminatod



vwntors. If o'noouraging rosults woro obtainod tho oontraotora woro to
proocod with tho roaoaroh nocasoary to ada~pt the proooes for uso in tho
fiold.

MeI Work Coy.,. ,r this Report.

The rcaults obt-7inod for the entire duration of tho oontract from
1 Juno 1952 to 31 August 1954 , are prosont.od in condensod form i this
reports

IV.. Outline :)f Exporinontil 11othodp,

Suaponsions of Inoiwn concentration of the orgainisms studied - ooliforn
bacteria, aysts of Entameoba histolytio-%, and Staphyloocous phago - in
distilled,, synthotio, and natural vantors wore placed irn aor~ation Vessels
r.iado from Sodgwiok-Raftor Iunnels. The desired quantities of quatornary
nwroniun oompounds woro added. Tho prcparations wcerc thcn aerated for a
spooifiod time and at a spooifioed rate, using porous alund. gas disporauras
Tho focm formod was removod frQ. the top of tho vossol. In~ oortain ox.
ptrinonta, addition of quatornary and aor.-tion was ropoatod a socond
tizoo The numbers of tho spe cjfi,7. organisms ro:aining wore dotor'inod
ty appropriate tochniquost direct plating, lactose tubcs or ridlliporo
filters fort he ooliformisj ocntrifugingnmioroscopic, count and culturing
in appropriato Lcdiun for amoebic aysts;- and addition to staphylcocus
plate wluturos for tho phago.

Tho list of quaternary am-ioniun compounds tried is given belows

1. Hyanino 1622 * Diisobutyl ponoxy othoxy
ethyl dimothyl bonzyl arroniun chlorido

2. Zophiran . Alk71 dinothyl bcnzyij ncu.oniun
ohloride

3. Bradosol . Alkyl dimcthy. bonzyl ari,.onium
ohiorido

4. 4.iulsopt a N-(aayloolcoinoforr.yl mothyl)
pyridinium chloride

5. Arquad 1 Dialkyl dincthyl cuLioniun
ohioride

6* Coopryn , :otyl pyridini.wa eh.orido
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V. Ronoval of Coliforn LOr~aisms from Distillod Water Susznxiioxu

Sovora1 huzidrod oxpozimoxibs wioro run on ooiiform suspoflakons in1
distill V wabor, T~o ran~o of izitial ocliform nuz,'Vors was from
35 x 100 to 30 x 100 organisns par 100 ml of wator; vithin thin rango#
initial numbors woro dhowxi to havo to uignificant effect ont ho niuznorr
rmcvining afbcr treatment. With oacoh oxporirnxit,, a oontrol vas ruxx
which roooivod the sarie quatormary dosage but no acration. The control
oan bo considored to ropresont direct kill of the organisms by tho
quatornarys a3 distinguished from pi-'sioal rcmioval in the froth* Ro-
duot ion of coliform, numbers in thc controls viero substantial, but noarly
always 10ss than that sooured by aoration with tho quatcrnary and re-
neval of foati.

Experiments were run at three tomnpce'aturo ranges: 7-100C, 20-220 C,
and 370C, A detailcd tabulation of~ those oxpcrimonts was givon o).
pp. 3-3 of Annual Report datcd_31 M~arch 1953 anid furthcr data on
pp. 6-.7 of Anra ootdto pi 94

Tho findings wioro that at 3700 and at 20-220C,w.mount a of quatarnary
not oxceoding 5 to 10 mg/i, folloviod by 5 to 10 niruto aoration, suffioed
to roduco the initial oeliforn numbers oited above, to lovcls 0l' 50
organisns pot' 100 W, of vater or loss; -in other words, to produoe
vratcr of suffiolont purity to bo safe for drinkinig if given nominal
chlorination, according to US.P.I.S. standards4 At 7-l00C the quatornary
requirement was inerca sod to 20 %i/1 to produoc a wanter of the samo
quality. Arquad T and Coopryn appcoarod to be tho best of the qucitornarios
for coliform removal; this correlated roughly with the observed abiliiy
of tho quatorriary to produce n stable foan.

Figure I illustrates some of the data obtained for Arquad T, and
shows the vary considerable tem~perature effct.

VI. Rcnoval of S. histojLytica Cysts from Suspensions in Distilled WHater.

Cyst suspensions mado up tc contain about 30 to 45 cysts pcr nl were
treated with quatcrnarioa anid aerated in the sane iariner as the ooli-
Corn susponstonse Similar control tosts woe nade. The troated sanplos
wcro neutralizod Yrith aerosol (10 parts to I pnrt of added quatornary)
and centrifuged. The ocntrifugato was counted directly under the
Liioreseepe, and also inoubated ini nodified Clovcland's uodium to
dotcrmino viability of the oysts, Because of thc presence of aensiderablo
num~bers of starch grains in the cyst susponsion the test solution showed
an appreciable turbidity. Thisa turbidity wa a removali during the aorati on
process. Most of the oxporirmnts wcro at room tempexrnture, 20-230 C;
a few woro mdo at 7mlOOC.
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Tabulations of thoso oxporirnonts appcar on Pago 4 of Aniual Rrnor',*
daod31Hrrch 53 and pagc 6 of Oluartoriy Prr ass Ropart ca-t-c 1"M

Morbr5-ndsraio in Tablo_o9'''~ Irpr. ofhcdtaso
IonpltJrooval of cysts by dosas of 5-10 rmg/litcr of tho bottor of thc

quatornzu'ios a-I totiporatura of 20-2300 and 7-100C.

Othor tosts, particularly singlo trcatriont3 with 5 rng/l of
quatcrnary shorwod cysts rcmaining in tho trcatod susponsion, usually
in nur'bors ranging from 10 to 100 in the ontiro 500 ial, bu~t occasionally
no high na 2000 cysts pcr 500 ul. Thcso icro all nogativc whan tcatod
f~or viability, oxoopt in two oxpi-rirnonts; .- positivo rosult was sacurod
fron f aw.iplo singly trcatod with 5 :",:AIHyantina at 230C and a positivo
rosult aas also obtainod fram a sanic singly troatod with 5 mi/l
Zophiran at 7-10oC- Control tosts, Using thc quatornary ar=r.onium oompoi~nds
without aeration, and aor-ation without quatornary, woro in all casos
found to contain viabic cysts in largo numbors. Cysts vi:orc rooovorod
in largo nunbers from tho fo= producod in thio tosts, and in -.lst casoa.
thoso oysta worc viable, sz., that raochanioal tra.nsfcr is important
in thc rctnoval of cysts from tho uatcr rzthcr than tho killing action
of tho quatarnmTy. By contrast, viablo oliform organisms woro nover
roooverod from the foam in tho coliform axpcrimontse

From thoso results, it was conoludod tkiat dopondablo romovaJ. of
cysts from distilled watcr suspensions couldi be secured by double
troatmont with 5 r9/lof any of the quatorncxias studiod at 20-23 0 ,p azd
with moat of thorn at 7-100C.

VII. Ron'oval of Stnaphyjoooous Phagc fro-, istillod Watcr Susponsions.

Tho work on stay Vloocous ph.g .as tindcrtn!io opoica
indication of thc pitobablc rcz.ova-s of' pa ;,,cnio virus, Provious
work by S. "~ Ch=ang has sh3,-r th. t thz. p1.ao sponds t'o disi~Soo-;ing
asents -*;n tho sirno way cs Thoilcr t s virus. Furthcrnoro, tho partiolo
3 izo is comparablo. A la~rge nun'bor o2' oxpcrinc&.s on tho rcn~oval of
staph~ylococus phago fror. suspcrsions Jin d~.sti.llcd -,-atcr wioro Mdo.
QuantitA.,os of' 20 rig/i of tho best of thc quatcrarios usud gave up
to 99.QA removal of" thc phago at room (20-230C) tcnporaturos fron
susponsions containing initially from 15C.0100 to 330,000 partloa
por ml.

Expcrincnts wcrc lc :-"do at tc..,pcrcturos of 7-120C and 37 0C.
They shc'wod that tho rornoval is ndversoly affcitod by law teriportaturom and
groatly inprovod at highi to.-ipcraturos.

4 scrics of' cxpcrinonte worc zrrdc with ex aznloi (&Naceonol)
and a rw-lonio (Twocn 30) det-.rgont. Th~so cxporix .nts ohovteci that
theorc .,-as littlo or no rc;-io-al of phago in oith~jr aaso altbough
oopicus focinin, veas obsorvod.
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Tabulationa of thoso oxporinonts cipp,:cir on Paigo 4 of Annuall Rpaort
datodijrch53 and Pac 6 ofC OQucrtoriy Prograss Roport datc1

Dcobr5 iUsraio in Tabl 1 oftis roport, Thoso data, eh
oonI orcnoral of cysts by dosos of 5-10 n&/litcr of tho bottor of tho
quvatornarios at tciporatw.u of 20-2300 and 7-100C.

Othor tosta, panrticulnrly singlo trkca:tionts with 5 ng/l of
quatcrnary shovod cysts rciaining in tho trcntcd susponsion, usually
in nunbora ranging from 10 to 100 in tho ontiro 500 nl, but occasionally
cas hiGh -s 2000 cyots pcr 500 LAi. Thcac vcrc all1 nogativo Whon bostod
for viability, oxcopt in two oxpcrtrnonts; a. positivo i.sult wans soourcd
from aL sruplo sinoply trcatad w;ith 5,:i./11~ycinino ait 2'0C and a positivo
ro3ult VMiS also obtaiined from a scuiplo singly t':cctod with 5 m&i
Zophiran at 7-1OOCe Control tosts, using thc qua-tcr.nry cimroniuui oompo~ids
without coration, and aorrition vuithou~t quctorrzry, voro in all cc- cs
found to contain viabic cysts in Thrgo numbors. Cysts vfcrc rooovcrod
in 1cir~o Aunbcrs frcom tho foam produced in t.-e tosts, and in 7.1at orases.
thuso cysts wcrc viablo, showing thrat raechanical trcinsrcr is iriport: nt
in thc rcmoval of cysts from the iratcr rzthcr ',than the Izlling action
of tho quntorntry. By contrast, -tiablo coliform organism, wore zLovor
rocoverod from tho foan in thr; o.o.form cxpcrinonts.,

From those results, it was oonoludod that dopondablo ro-nova) of
cysts from distilled vatcr suspensions could be soourod by douolo
trocitmont with 5 rg~lof any of tho quatornarios stud1iod at 2(Cm23oC. ai
with moat cf them a;, '7-100C,

VII, Roriol ofStaphyloooaous Phcigc fron, Distillod Victor Svsponsions*

Tho work on s-t-,avi,-yJocoous ' hago vras undoArt'2c.on to providc an
indication of thc probab).c rc~o'vals of patho~cnio virus. Provious
work by S. L* Ch-.g has sh3-..rr th:t th- pha go r.3spords to disinfooting
aicnts in tho snno way as8 Thoilcrto vlrus. FurthAcrmoro, the p:%rtiolo

sizo is oompecrablo. A largo nunbor of opcirc otorcoalf
staphlococus phigc fror. suspensioiis 4.n distillc' ; -citcr;ro raio.
Qurtitios of 2O r.J/1, of tho boat of the qu,- crrv.rios u~od g- .-, up
to q() Q rcnevn). oi the phago ait room, ('20~-230C) tc. porcituroa fro..
suapo~nsions containing initially fron 150#00C to 330,,30O pnrtiolos
pcr mal.

Expcrincnrts vg.crc rilsv' -mido at tc..,Nxrc.turcs of 7-120'C ci.nd 37 0 C,
They sho'-d that tho ronow. is ridvzrsoly affootod by low to~nporcntuos cr4A
grocitly inr1?ovod at high to:- prturos,

4 s ;riC3 of c:-pcrincnts w:crc made vitl.r an ricrin (nXacconol8
a-4 a~ ron-4 onio (Tweocn Ci0) dotcrgont. Tho .o cxpzrivi .nt; ahh7z-ed that
thorc was littio or no rcnoval of *.Cco in oithor ociso although
copious faalng u.ns obac.-ved.
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Table I

Removal of E. Histolytica Cysts from Suspensions in Distilled Water

20..23°C 7-10C

Single Double No. of Complete No. of Complete
Sion r en Tre Ekperi- Removal Experi- Removal

Compourd Treatment Treatment ments Run in ments Run in

itquadT 5 + 5 4 4 1 0

Ccepryn 5 n.i I i 1 0

10 lO r/l - 4 2 --

5 + 5 .j7 3 3 1 1

Zephiran 5 + 5 rj/i 2 2 2 2

ErLsent 10 mG/i 1 1 - -

5 + 5 %/1 3 3 1 1

yaie lO1g 1 1 0

5 + 5 2 2 1 1

Bradosol 10 n/ 1 1 1 1

25 + 5 4 2 1 i



The conpi:oto resultsa have bocn tabulatod on P. 7 of' Annucal Roporb
dated. 31 Hnroh 1953-, tud P. 3 of Annuc.l noport dated 1 A ~ri924.
Figure 11 illustratos the affect oa sago and teriporaturo on phago
romova2. by Arquad T. The vertical linos roprosornt tho rango of por..
contagos of tho initial numbor of phago partioloa r.:;mdning aftor
aerit ion.

Conidcrablo difficulty was onoountcrcd. in produoing roprosoy' Ltivo
turbid watcr. The first r-ttauipts u+ilizod dehydra-ted olays which w'ro
suspoi~dod in wator. Rosults wo erratic and differed greatly with tho
ago of the suspcnalon. It vras cv-dcnt that tho chargos on the particles
wore being altcod by ion-oxchango processes, and that the cuspensions
veoro not typical of natural turbid viators.

Satisfactorily st~ablo turbid waters wore flinally !.odaood by
6usponding the fino3.y divided pen- Ion of butiora sodirm.ts of a looal
stream and a pond. Those gave more consistent resualts in roemoval ox-
porimcnts, and seemed to bohave like natural turbid uators.

Results of oxcpcrimcnts on ths rtr r hvn in able TI.O
In the course of thcsc cxporL-marits tho pH of the wator was adjul-toi ovor
a Iairly wide range. It is oon-marativcily easy to roducc an initial
turbidity of 75-100 units t.6o 1css than 5 units wvith a, sirkr le 10 ms/i
dose of quatoi-nary, aecrated for iC i.inutcs. The pHi valuc hans little
or no offct on removal,

Qualitativoly, the initial foa-m produocd in the samples appoarod
clear; t.ho bulk of the turbidity appoarcd to oomc over in the middle
portions of the foam. Therc may be a delayV in the rcotion botwvcon
the turbidity Rnd thc. quatornary.

Further tests were run o:74 scvorval natur-lly turbid vaters and
*rcnoval s of turbidity wioro f ound to b6 sati s.,autcz' f or pract icct.

wiater treatnent, Mg.P.IHOS. standards worc nit with doses o' 10 .,&/1
quaternary aerated for 10 -inutes.

The data of those tostsarc, giv~n in Table III.

IL. Romoval of Color.

Sovcral olored vwat'rs vcro treated by fleta tiin to obscrvo its
-,ff4,oionoy in removing oelcrt Roults of the oxpcnimcracts appetar in
Table III in conjunctiorn with the othcr data, and are brought together
in Tablo IV.
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TABLE IT

Removal of Turbidity from Distilled Wator
SUspcnsiofla of Bottom mud by Arquad T.

Suaponfliof* Doso of Ae ration Initiril Initinl Finril Fi no 1
Qu -'tor.. Til.3 P111 Turbidi- Tur- pR
n,-.r y ____ ty biI Ity

A 10O1--/1 10;--in. '7-03 10)0 45 7.02
3 , " 7 1< 5 6.35

3-S.75 10C )4. 1Z -
9.3; 100 8.25

if i if .07 I'll, .&
II5U7.03 100 10-15 7.06

ft 7' 1015 5x 07
8. ( 100^ 10-15 -3.31

PO j,06 100 10-15 7.04

B 10 10 6 -7 5 '75z <5 6.82
ft 4.85 4.95

*SuspetnsionA A W85,, n cotton filtcr ;d, 24 h,. di:till(d wrtcr
sus crsns on of' -i bottom mud tskn f -or a brook.
Suaponslon B waes a 24 hr. distilled wnto'r siusp -nsr o~f a
bottoma muid to."Cn fro.,a a pond in, A 6,-3vol pit.



Tablo ilI
Water from Brook in Lexington, aulsaohusette

No additional ooliform organisms added.
Quaternary used in flotation, Arquad T.

Dose (M&/I) 10 10 10 15 20

Tim of Aeration (mn) 5 5 10 5 5
Temperatu. (00) 16 13 15 17 15

pH* 60 6.80 64,8 6.2 6.7
Alkalinity* (m&/1) 22 24 24 16 24.

Hardness* (mg/I) 165 310 140 165 66
Gonduotivity mho/om .87xM03 *7xlO") .TxlO-3 687xi" 3  .25xlc '

Turbidity Initial 5-10 unit s 15 2.5 5-10 20Final 5 t < 5 < 5 (5 <5
Color Initial Io " 30 10 120Final < 5 " 5 < 5 5 5
Total Baoteria Initial 25/4 18004 1800/ml 350/mi. 20000,/m

Final 20/mi 5o/m 10/Mi 22/mi 40/ml

Coliform Initial 3500/100 ml 7000/100 ral 7 o00/100 m! 5400/16J ml 92000AO00raFinal IIO/I00 ml 220/100 ml 8./i00ml 3 O/100ml 140/0 0m.

* No ohange during aoration,

(oontinued on next page)
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Table III

W&ter from Brook in Lemizgtong Massaohusat8s
No additional ooliform organisms addod,
Quaternary used in flotation, Arquad T.

Dose 20 2C 10 + 10 10 + 10 30

Time of Aeration 5 10 5 min gaoh 5 min eaoh 5

Temperature 15 17 16 17 15

pH* 6.8 6. e 6.00 6.20 6.7

Alkaliriity* 24 24 10 16 24

Hardness* 140 U40 165 165 66

Conduotvit* .7xlO3 .7xO"3  ,37x10 "3  ,89xlO!'3  :25xlO 3

rbidilr hIitial 15 15 5-10 5-10 20
Fin<l (5 <5 <5 < 5 < 5

Color Initial 30 30 10 5 120
Final (5 <5 <5 < 5 <5

Total Baoteria Initial 1800/ml 1800/ml 25/mi 550/mi 20000/mi
Final 6/m3. VMi 1/mi 15/61 8/mi

Coliform Wtial 7000/100 ml 7000/100 ml 3500/100 ml 5400/100 ml 92000A00

Final 170/100 ml 12/100 ml ;3/100 ml 49/100 ml 46O/lOO

No ohange during aeramtion,



Table III

'Vator from Brook in Loxingto, WMsuohusotts
No additional ooliform organisms added.
Quaternary usod in flotation, Coepryn.

Doso 10 +10 20 20 15*15 30 30

Timo of Aoration 5 rdin 5 10 5 min 5 10
each eash

Tompor a turo* 17oc 150C 17°C 170 15°C 17°C
p11* 6.6 6.7 6.6 646 6.7 6.6

A.kalinlty* 24 24 24 24 24 24

lardnos * 99 66 90 90 66 90

Conduotivity* "3x10 3  .25x10.3 xlo3 .3xl0"5 .25x10 "3  .3x10-3

Turbidity Initial 10 20 1C 10 20 10
Final 5 5 <5 5 < 5 5

Color Initial 50 120 50 50 120 50
Fir.i1 5 40 5 '5 5 5

Total Baotoria Initial 2000Xi 20,000/I 2c000J 2000//l 20 00/nl 2000/ml
Final 160/mi 150/: .l 7o/ml 6/ri LA1 4/ i

Coliforn Initial 24,000/ 92,000/ 2-,COO/ 24,000/ 92,000/ 24,00/
lOOml iCO U'. OOmi lOOmi 100 m

Final 700/ 6,800/ 680/ 70/ 33/ 7.8/
100 ml 100 ml 100 ml ioi 100 nl 100 ml

No ohangu during aoration,



Table IMI

1nter from Brook in Lexington, Massahusetta
Coliform organiams added to raw water,
Quaternary used in flotation, Arquad T.

Dose 10 20 30 15+ 15

Time of Aoratior 5 5 5 5 nin eaoh

Temporature* 150 C 15oC 17 C 17 C

Il 6.8 6.8 6.8 6.8

Alkalinity* 24 2L 2h 24

Hardne s s * 140 140 154 154

Conductivity * .69x!O 3 69x1073 .86xi0.3  .86x10- 3

Turbidity Initial 10 10 10 10
Final 5 <5 C5 <5

Color Initial 30 30 20 20
Final c~<5 .5

Total %iotoria Initial 600,1CO/r1 600,000/ml 320,000/m! 320,000/mi
Fina I OlOC/nr1 20,030/ml 140,000/mI

Coliform Initial 600 C0/. 600,00/m1 320 ,000/mi 320,000/mi
Fina1 :1.6xio6/ i.6xiO /ioo 92o,o0/ 24o,oco/

100 ml 100 1l 100 r

* No ohange during aeration.



Table III

Water taken from tho Charlos River, Cambridge,
faasaohusotts

No ooliform organioms qddod to raw water.
Quaternary used in flotation, Arquad T.

Doso 10 10 10 10

Timo of Aeration 5 5 5 10

Tenporature* 17 18 15 18

p1i * 7.4 8.1 7.0 8.1

Alkalinity 64 64 80 64

Hardness 0 470 680 495 690

Conduotivity* .35x10-3 .xio-3 .37x10'3 .4lO-3

Turbidity Initial 5-10 5-10 5-10 5-10
Final < 5 5 5 . 5

Color Initial 35 35 35 35
Final 5 5 5 5

Total Baoteria Initial 4OO/mi 900/mi 67000/mi 900/Ml
Final 70/mi 60/mi 500/n 70/m1

Colfor Initil 5%00/100 ! 3j100/100 , 3,000/100 ml 3,100/100 l
Final 00/10c -l 350/.00 rl lqOOO/0o, -, 210/1C r.,,!

No ihange during aeration.

(Continued on followin- page)



T'able Iii

Water taken from the Charles River, Cambridge,
Magsaaohusetts

No ooli4 'orm orgsnisms added to raw water.
Quatornar~' used in flotation, Arquad T.

Dose 5+5 15 20 20

Time of Aeration 5 m5 ach 10 5
Toporaturo* 15 17 18 17

PH* 7.0 7.7 7.4 7.9

Alkalinity* 80 64 80 56

Hardness" 495 630 121 260

Conduotivity* .37x1O'3  .54xlO'3 .64iO-3  .2xi0"3

Turbidity Initial 5-10 5-10 15 25
Final <5 <'5 5 5

Color Initial 35 35 35 35
Final 5 , 5 5 5

Total Bacteria Initial 67o 0/mi 200 /m 114ooo/nl 20000/ril
inal 0o0/ml 70/ml 120/i 200/1m

Colform Initial 39000/100 5400/130 r l 4300/100 120/103 ml
Final 1V300/100 70/1O r~l 10/100 100/100 Ml

* No ohango during aeration.

iContinued on following page)
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Water taken from the Charles River, Cambridgo,
Mo8sachusetts

No ooliforn organisms added to raw wotor.
quaternary used in flotation, Arquad T.

Dose 10+10 10+10 10+ 10 10+10

Time of Aeration 5 mmn each 5 min eaoh 5 min each 5 min each

Tomperaturo* 170C 170C 17oC 18c

pli* 7.4 7.8 7.9 7.4

Alkalinity* 64 56 56 80

Iardne n s * 470 660 260 121

Conduotivity .35xi0"3 .58xli " 3  .2xl0"3 .64xlO'3

Turbidity Initial 5-10 5-10 25 15
Final 5 c 5 5 5

Color Initial 35 35 35 35
Final <5 5 5 5

Total Bacteria initiald L.00Q/r'11 8~~ 20T2 :2 I0/
Final O/Ml l3/n 85,.

Coliform Ini'4i.il 5Lo /1-Oo 5Xl -5o/C0 r:7,1 ' .,, IX -1 43,'

Final "35Q/2P i "350/C-c ".l I6,1 nl 2Y00,i r::C. ,

* No change during acraticn.

(Cc, ntlnuod cn follcwln!; pci)



Table *III

Water takan from the Charles River,, Cambridpe9
Massachusettsa

No ooliform orgnisms added to raw wter.

Quaternary used in flotation, Arquad To

Dose 10+10 15+15 15+15 15+15

Tino of Aeration 10 min each 5 m .n each 5 mnn eaoh 5 r-n each

Torporature 17 n a 170C 17 0C 180 C

pH* 7.8" 7.7 7.9 7.4

Alkalinity* 56 64 56 80

Hardness* 660 620 260 121

Conductivity* .5xlO3 -54x10"3 .2xlO'3 .6 4xiO- 3

Turbidity Initial 5-10 5-10 25 15

Final <(5 <5 <5 5
Color Initial 35 35 35 35

Final 5 < 5 < 5 5
Final 5 ( 5 ('3 5

Total Baotoria Initial 800/ni 2,O/rl 20000/mi 14000/ml
Final 15/i il/nl 8/6.i ' 35/ml

Coilorm mitiul 3500/100 n1 5400/100 al ;200/100 mi 430C/10) mi
Finra 1 3011 2) nl 6CO/l Oo ml 25/100 ml 15/100 mi

No ohange during aerntion.

(Continumd on following pago)



Table JIT

Water taken from the Charles Ritor, Cambridge,
Massachusetts

No ooliform organisms added to rav water.
Quaternary used in flot2tiong Arquad T.

Doso 30 30

Time of Aeration 5 5

tomperpture* 180C 17rJ

pH 7#4 7.9

Alkalinity* 80 56

Hardnoss* i21 26o

Conduotivityj .64xi0"3  .2x10 "3

Turbidity Initial 15 25
Final < 5 < 5

Color Initial 35 35
Final (5 <5

Total Baoteri Initial 1L 0oo/ml 29000/ I

Final vO0/Ml 7/ml

ColiC orm initial 1 00/ioo nl 1200/100 ml
Fir.l - 70/100 nil 13/100 ml

No ohange during aeration.



Table ;II

7sater takin from Hobbs Brook Roservoir, Lincoln, ossuuohumette
Tith and without added ooliform organicn-x.

Both Ceepryn and Arquad T. used in flotation

Quaterrary Ceepryn Coopryn Ceepryn Ceepryn Arquad T Arquad T

Dose 10 10 20 20 20 10+10

Timo of Aoration 5 10 5 5 5 5 min each

Temperature * oC i4oc 150C 170C 170C 170C

pH 7.00 7.00 7.00 7.0O" 7.00 700

Alknlinity 16 16 16 16 16 16

Hades* 444 4  44 L,4 L,4 4

Conductivity* 612x10 "4 .12xlO4 .2x10"4 .12xlO 4 ,j2xi0j  .12xlO 4

Turbidity Initial 5 5 5 5 5 5
Final < 5 5 (5 s-5 < 5 5

Color Initial 50 50 50 50 50 50
Final 15 15 (.5 5 5

66
Coliforn added 0 0 0 67x0 100 67x106/icC 67x106/100

L4/m 14o/ml 67xl0 40 61/0 671 6/1)0
Total Baotcria initial 'o/m 14/6 00 671o//mi 67x o0 1

Final 15/m 5/m1 4j,/m'.' ------ -----

Coliforn Initial 33/100 35/00 35/100 67x0 6 400 67xC 6/LCO 67x106/100
Final < 1.6/100 11/100 -/100 75/100 350/100 790/100

* No ohange during aeration.
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Table IV

Removal of Color from Water 1W Flotation

Done of
Quater- Quater- Aeration Initial Final Initial Final

Eample* nary Mry thus pH pH Color Color

A Ce opryr 5 m&A 5 min 7.00 7.,40 55 30
A Ceepryn 10 5 7.00 7.01 55 15
A Ceopryu 10 10 7.00 6.90 55 4 5
A Arquad T 5 5 7.00 7.10 55 55
A Arquad r 10 5 7.00 7.05 55 20
A Arquad T 10 - 10 7.00 7.05 55 4 .5
A Hyamino 10 5 7.00 6.95 55 40
A THamine 10 10 7.00 6.95 55 25
B Ceepryn 5 5 6.80 6.90 50 10
B Ceepryn 10 5 6.0 6.95 50 < 5
B Lrquad T 5 5 6.80 7.00 50 15
B Arquad T 10 5 6,80 7.00 50 < 5
C Ceepryn 3 5 5.55 6.10 40 25
C Ceapryn 10 5 5.55 6.10 40 15
C Ceepryn 10 10 5-5 6.15 40 < 5
C Arquad T 10 5 5. 55 6.20 4C 20
C Arquad T 10 10 5.55 6.15 40 < 5

Sample A Charles River, Cambridge, Massaohusetts
B Conoord River, Conoord, Haasaohusetts
C From swamp ii Lexington,, assaohusetts
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rlcrovals -of olor oro found to bo satisfactory as in t'o onso of
turbidity and U.S.P.H.S. stndards wcro mot vith a oorrospon .ing doso
cxoopt in ono oaso vihcro a vory high frosh color, following a sovoro
rain storm, roquirod largo nrounts of quator.iary for swtisfaotowy- ro-
nov'.e

jun initial color of 50-60 units was rcduocd to loss than 5 units
with a doso of 10 mng/l of quatcrnary ao.atod for 10 inutos. Again,
as in the oaso ,," turbidity, pH valuo has littlo or no offoot on ro-
moval.

X, Tasto Studios.

Tap water solutions of thc vnrious quatornarios woro rdo up
and tostod for tasto by a nunbcr of obscrvors. It is ovidont that
thore need bo no diroot tasto problem from the amounts of quntcrrzry
rcmaining aftcr aeration provided that aeration continuos long onough
to romovo thc bulk of tho quatornary addod. In no caso could ob-
servers dctoot any tasto in wator bont-%ining 5n n or loss of
quatornary. Ono out of ton observers could dotoct a notiooablo tasto
at 10 mov whilo all obsorvors could dotoot a distinot bitter aftor-
tasto at 15 m,/1%

X1. Romovls of Organisms from 'Ntural WVtors.

Rcprosontativo natural uators wore collootod from a polluted
rivor (Charles River at Canbridgo), a oloan, soft colored brook
(Lcxington, Eassachusotts), and a a.tcr supply collection. rcsorvoir
(Hobbs Brook Rosorvoir, soureo of Camnbridgo, .Tssaohusotts raw Twator).
Ricmovals of the natural contont of baotcria and coliforn organisns,
and of addod ooliforis worc studied. Ronovals of ooliforms and 37°C
bactcria from thoso natural vatcrs ivcro vor disappointing vhen
oonparod to thc provious distillod wator oxporiuonts. In no caso woro
oliform numbers brought down to tho U.S.P.U.S. standa-rd of loss than
".3 pcr 100 ml oxcopt in tho Hobbs Brook R'osorvoir wator, the initial
ooliforn count of whioh wvas only 33 por 100 nl. Doses as high as
30 g/1 of quatornary failed to rcduco oonparativoly small nul. rs of
ooliforrw oven to tho 50 pcr 100 nl spooificd by tho U.S.P.H.S. for
wator to bo troatod by ohlorination only.

When oolifnrms woro addcd to thcso nntural wators to bring tho
initial counts up to thoso us. in tho distilled vrator sunponsions,
rosults weore very unsatisfaotory. Tho data of thoso oxporir nta appoar
in Tablo III.

In tho oourso of the vork on natural wators, it uns found nooossary
to adopt tho nilliporo filtor ncthod oxolusivoly, for the onur.oration
of ooliforns, LaConkcy's agar failod booauso of intorfcronco by tho



.23..

qucntornaryx and lnotoso tubc )APN ncthods booaiic cx~lossivoly laborious
booauso of tho wtide rango of residual numbers possible. The rosidual
quatornary vine noutralizod with 500 n&dl of sodiuzi lauryl sulfate
prior toc filtration through tho rdilliporo filter. The rilliporo filter
was not adoptod until the rcsults had boon ohooked against lactoso
broth tubc roaults and found to give reasonable oonfornnnoo.

XUI. Studios onEfo fWto ooiin

It was evident from the results on natural wanters that othor faovore
bcaidca lowi ton~pcrnturo have an advcrso offoot en the proocas. Thc pro-.
ocZ200 of oaloiun and ragnosiun salts (hardnesse) was indicted as ono cC'
the intorforinZ factors.

As a quiak confirrnation of' this indication, tests ivrc run on tvio
tap viaters a Canbridge, 11asechu.5otts, hoving a pH of 0.3-0.6, hardness
90-115 mj,,4 and Boston Mtropolitan, PH 7., hardness 109.22 rig/l. In
goncral, tho ooliforms ro,,iaining in the soft LMotropolitan -vatevr wore
fron 100 to 1000-f old f ower than thoso rewaiining in thc; Caimbridgo viatcr
altor iriculation with tho sano nu-.bcr of colifornjs, =nd trea-tment with
tho sane cuaount of quatornmary at the sa;.io tornporanturc, Howvevr, at
temperatures of 25-2600 tho rczzining organisms in bath viatce woro
too few to mintain this rolationship. The da-ta of those toots arc
given in Table V.

As a further chock on this conclusion, studics were zmadc on distillod
water to which va-rious calciun -rd nagnosiun salts were a-dded, and also
on distilled viatcr aentaining sodium bicarbonate, Sodiull blirbonate
in -amiounts up to 50 ' ;A/l as GC0 3 had no si nificoant effect on the ro-
noval of ooliforns fron water suspensions. Cnlciun and amgncsiua salts,,
oni the other hand, vwor-. shcmvn to have vcry ad rao cff'ccts on ooliforn
xonovala, as coruparoad to these obtained ir distilecil w~ato: suspensions.
For equiva.lent ocnoontrationa in trmis of' calciium ot-rbonlato, the -.dverse
effoo&' iore of the saneo ordor of rvgnitudo whethor the ad-ld salt
was On (lCO) 2  CaCJ 2, or HgCO3  Ann rcntly only thc positivo ion is

signifioant, and )A+4 is aquiv"-Icnb in offoot to =Ca 14. Subsequent
toots choweod that polyvnlont anions, suoh as S' ?' anid P0V, addod in
form of sodium salts, had no offcots on r ;rovnls, c'ithor adverse or
favorable. Additions of 360 to 500 nV/l Of ecalci'LTm salts as C-CO3
rcaulted in final tro.*at-cd waters containing 50,000 to 7,000#000
coliforns per 1.00 nl, as oon,.rrod with 0 to 30,'0 in distillod watcr.
The initial ooliforn oontorit in tn1csc tosts was 50 rillion pcr 100 -a,
and the- temnperatures weorc 900 and 250C. The highor coliforn residuals
woro obaind at the laoer tou.pcraturoe
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Table V

Tap waters taken from the munioipal water
supplies of Oambridgi, Massaohusetts andBoston, Massaehusetts with added ooliform
organisms. * Bosto4 tap water with a pH
of 7.1 and hardness of 19-22 mg/2. Cambridgetap water with a pH of 8,3-896 pd hardness
of 90-115 mg/i.

Time of Oranisms Remirlng per/lOOmli
Quaternary Dose Aeration Temperature Uubridge Boston
CeepryrZ 20 mg/i 5 min 14 15xO4. .

" " " 15 40Arquad T " 15 Ix106  Ix1o3

" 
16,5 ... 180" 13 5.7xjo03  --.M

0sepry" 
21 18 --.---"f " "25 22 .. _-

" " " 26 gem 4A r qu a d T " 4 5 -.....

23 1*72. 210

25 30 0

Initial oonoontration of ooliform organisms 50 x 106/100 ml
to 70 x lo6/oo ml.
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A ooriod of tosts was run to dotcrniz qucantitativoly the effecto
of temperature and CnCl . Varying ariounts of CaCl2 were added to
distillod vater and tos?3 worc run at two toi:ipraturo ranges 19-260C
an 9OC* Tho results of those tests are reported in Tablo 1I1, p. 10
of Annual Roeport da-ted I April 19%L. Thoy are presented graphically
in Figure III and IV. Tho data arc reported and plotted by moans of
the nedian value and range of the similar tests run. In oonjurotion
wvith all experiments, a control was run, which roocivod the sane dose
of qutitcrnary,, but no acration. Those data are rcportod in Table IV
of the same rcporto and plotted in torris of tho median value of sinilar
experiments on Figures I1I and IV as a dottc" line.,

Those cxperruenca show IVhat both tei.'.porature and Cb.Cl 2content
have very large adverse effects. Ait 19-260C thcro is a 10-Zfold decroase
in removal vihcn there is an increase of 100 ridl of CaCI . At 900
thera is a 100-fold decrease in removal pcr 100 mG/ inc?oase of CaCl 2

The simtilarity of the aerated and contact medirn lincs at 90C0
(Figuaro IV) and tho dissimilarity of thc acr.-tod and contact median
line at 19-260C (Figure III) also auggcst that tho grcatost effco
of lowered temiporature is to intcrfcre with the phyzical rarmova3. of
the baotcria by flotation. This is much niore affecd 'V temiperature
than is the rate of killing by the quatcrnary.,

In thc light of the above experiments, tosts were run to daternine
the anounts of quaternary required to reduc the ecliform nunbers in
GaCl solutions to levels suitable for potablo water. These datat are
ropo~tcd in Table V, p..15 of tho reported cited above. Figures V
and VI show the datas,

The worl: with distilled water shewod that 10 mg/I of Arquad T at
20-220C and 20 n&/1 at 7-100C Was sufficient to reduce B. Coli in
distilled water susponsions to 1.3 or~anisris or less per 100 ralo
Extrapolation in Firgures V1 and VI would indio-%tc that urdor the sar-.
o'xporimental conditions 30G -I.-/1 of CaCl 2raic thQ quatornary re-
quircment to 40 mg/l at 240C and 70 ng/l at 90Cs and 500 ngL/l Of CaCl2
rcises the guaterna~ry roquircrcnt to 60 ng/1 at 2400 cAn' 1,10 ri&/l

at 90C.

Since the nnturni -watcrs tcstcd viere ,orc difficult to trceat
than vioul',A be prodicted by ha-rdness ndono, (so; Firguroa I I' A. IV)
a series of tosts mas nado to dctcrmtnc the cfcct of e;urbidity in
the prcscnoo of Ca&'. UsinG bottoi rmd suspensions prepcrod -' ,n the
sarne viay as thlo aples used tn atudy . rbidity rcmovral (Soctiun VIII)
sarples wiorc n~oup ccntA-inirn, vriouso onecntrr~tions of turbicty
in both pure distilled wator anl dilstillcd iatcr contaniniA 500 -ngdL
Gacl *Tho resulta, given in Ta-ble VI of the 4.rlruai Roport dc-tc
1 Api1 1954 and shownm in part cn FiGuro VII i-MY47ae tfint .:uo
tubdt a no effoot on tho efficienoy of rcnovnl in sanples
oontciining no CaCi , the oonbIwtion of CaCl 2 and turbidity has a
reator adverse of~oot on the of flinoy of rmoval than CaCd 2 alone.
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Tho oloztrophorctio ntudios doaor-ibod in a lator soction of this ro~port
Indicato that oolor would also show an addiw*-vo adverse offcot, like
thoat show~n by turbidity,

In tho light of the advorso effect on romovals produced by the
divalont positivo ions Ca++ and Mg+, an invostigation vras niado 6f tho
of±foot of a trivalo~t ion, Al+1+, which my occur in natural waters.
The adverse effect of this ion v7ns found to be vcry largeo It was
found that 0,1 mg/ of Al++" (as caco ) had about the sone adverso
Pffo3t as 500 ry,/J, of 0m+4 (04 CaCO ) No noro than 90% of tho 50 x 106
coliforns initially .prosort in 100 Al. of a solution centaining as
littluoae 0*3 piz/l of Al 4 + (ani CaCC3) could be rcmov~id, (;von ;vith a3
mucih as 50 n&/1" of Arquad To

4he data or the AI'+ oxporinonts appear in Table VI# %'ihiah shows
I~ho nodian values and razges of rmsulits at various Al'A4 roonocntratlons.

ic~ltsof oonountrations from 0 to 1 m6-/l aro shovrr in Fviguro VIII.
Tih. -"Oorvod differences at oconoontr.-tions ,.bovo this are not too
sigi.-i(za. *mt the adve;rso effct unoxpootadly boonos sowhat
srmllcr at vory largo oonoontrations of Al'41t.

Tho nrosuription is that othor trivalent pos:.+.-: ions, -m for oxapie,,
Fo+4+ - -. ;h h..vo aiLtlar of fcts.

It should be notod th.-t in tho oxncrimcnts on A+-4 tho aeration
rato was roduced to 0.72 litc.-a por litor ~:ninuto, and tho ti=.
inorcasod to 10 Linutoa, to try to soouro the bonce'its of increaed
offloionoy noted in the noxt soot~.ong
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Thblo VI

Tho Effoot of 41l + on tho RonovnK1 of E. Coli from Distillod
1,c-itor Supornsions by Yloiotion

Initiaol oonoontration of ooliforn orga'nis 50 x 10 6/100 ml.
Torlporaturo C0 50 q&/I Arquoad T.
Aoroatioda Rato .72. il/a~n for 10 zinutos

~- '1 ~ rgoanisn*a por 100 v. loft raftor .orCtion

CaCO3 Oq~ivaloni;j Iiocian R~

300O 2)452000 240,000 - 250,000

200 100,.000 5101000 - Is,300,000

150 2.0250s000 940,000 - 1,750,000O

100 1,300s9OO '10020000 - 5000

50 3,2000,000 -O00 3000 1000

40 6,000,0000 6,000,O0c ,%)0.,OcO

30 7,000,0CCG 5,000,030 -101000,000

20 6,500,000 6,000,000 -10,000,000

10 4000000 Loo8oco

5 9a700,000 9,700,00

4 i0O0oo4ooo L-0o000ooo -20,000,000

3 114000003 10,0000000 -11,00000
2,O 350000 300000

1 1:1 0308000 2,500,000 - 9,000,000

0.5 7 ,50,000 2000,00 -12,250,00

0. 7,000,000 170,000 - 9,250,000

0. 3 i4,00*Co0 1500ci - 9, COO, 000C.

092 10,003 1" -130000

0.1 10,0000 10 -10100

eu OU r - 60

16 216

C. 4 1. o-3

102 30 1C- 4

21 .. 43

0 0
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XII':. Air Ratos ar,, Air Quantitioo.

Folloviing tho practioo of '-)Ipor, Ot al (JAV-17 44# 719,(1952,, an
morntion rato of ono litor of air par ITMc-of suap6 nion par minute
vias umod for neat oxporimonts. Tho poricd of acrC.tion at this rato
Was~ 5 or 10 rinuto3. This rato vas satisfactory as to foaiming charac-
teristios aind poroont of watcr lost in Vho foam aa long as quzvternary
dosages ro.minod in thu 5 to 10 n.1/1 rango. About 1% of tho v'atcr in~
tho busponcioi wont ovor in tho foam, for crieli LW'l of quctcrnary
added, at tho ono litar/1±tor/rninu:-. rato.

VWhon tho adverso factors of natural v~rat -.ra roquirod advances in
quatornary dosago to 30; 0#'O or 50 ug, atcr losses becam vory
large It was found that rocluotion irAn oration ratos to 0.72 or 0.54
litor per liter por riinuto, and extonsions of aeration tims to 15
or 20 Anutoo produood vcry srall wiator lassos, and nuch .tVor
cffio'ioncos of baotorial rcroval in distilled wiater suapoiijions contain-
ing largo amounts of Ca This data appoarod on p. 20 of the Arual
Roport dated 1 pi 154

Hoowovor, this hopeful lead vras negated by subsequen.t obaervations:

(1) No such groat im;provoncnts il- efficioncy wiore obsorvod in the
oxporimonts or, v.wtors oontaininG Al++

(2) In many natura-l viatcrs, tho low aorction ratos failod to
produce any foan at all, and thcrcforo no rcroval of orgmaniv.,s, unless
the quatornary doso .-na at loast 30 mG/i.4

(3) M~uch groatcr quantitios of air woro raquirod at the low ratcs,
to ro"duce tho rosidual quatormary in the troatod vmttor to dosirablo
lovols, as oonparod with the yiantiios rcquired at ono litcr of air
ixr litor per minuto. If the volune of air roquircd at ono litor
per liter por -iinruto viras x,, that rcquirod at 0.72 liter por liter
pcr minute was approxir-ataly 2x, ,-r-d at 0.54i litor, 3x. The rosidual
quatornary wias ostintod by obsorvling tho £aanini oh,%raotoristios.

XIV* Studios on, Elcctro: horta Eirtic n of B:aotw cia.

Inv titinof the nriiratio. of'clfr~o~i~ in -,n cctric
field, both beforo ax"' after, troatriont ;.ith qua-te:rriary, w u'.s unort%!:Oan4
in tho h -po that such stud .ios would !-ivro sone ir.d-ication of th3 ntaturo
of the 'A.ntorforonoo& by polyvnlont c-tions, 0 Can.,d other e:~:ot
of' natural wa-.tora. T'h3 equipr::nt usod wa rhu'Knt lcatro-
phorosis Vapparatus; tho individ ual c -lifor.., orjanis;-x -aoro Obse)rvod

v: rn ordinary :;ioroaoo uslng tho 4 :17 objooti'. -'0 ~ ey n
potentiorxt, - prov.-'Led n. crnt~int petznti:al grdon i 7,035 VO'Lt3
por n-illinotor. Tho obsorvtion3s, t-.'.<n -at the: dceper r..
d.Iuoo clootro-ov.uotia flo-v r.a oonsittod of --.onswrin,- thiv
tine for tlc or;aniz;,s to nove 0.5 iliersclcni an cular micro-
Amtor. The reciproal of tis ti" is the vclooity of ti-c or&anis;
which is proportional to Its zeta potontialt if othor onditiona .rm
rtintainod ajiproxlnatoly the sae

'v
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Thoso obsorwtions arc prcsontod graphically in Figuros IXC, X,
XI, XII, and XIII. Iz di.stillod wator, prior to t1.he addition of
quritornary. E. Colt ahoviod a rclativoly high negntive chcirgo, as
obsorvod by othcr workors. Progressively inoreasing does of quatornaory
roducod thia no6gativo chza'go; tho charge beooxao Zero, anid subsoquently
positive, as the doses wero further incrocasoi. Sinoc nerisureonts
of this typo arc only approximato, because of interteronce by oloctro-
osiuotio currents, amooth ourves of velocity against quatornary dana
ara not obtained, but the results are sufficiently prociso to os-
1tablish tronds.

E, ColS. in distilled .vatcr roquiros but little quatorwary to
alter its charge; the ohargo booonos zero vwhen about 3 rim/1 of
qualtornauy is added, and risos to a high positivo vciluc at quatcrncay
doses of 0 to 10 ng-/l. (Tho tern "u~"is used only relative to the
initial negative ohar.ge.) Evi.doritly fairly large a-motunts of
quatornary ac pickeod up rapidly, possibly py somo type of adsorption
or ion exchangeo mohalAwos

In gcnaral, tho effoot of tho ce.-,poncrts proviously f~urnd to
intcrforo with ro",ovnl of organia.s by flot,,.tion is to grcatly irn-
croase the dosaf-o requirod to proC.uoo i give n c han',-o in cha-rGo,,
and to groatly decroase tho positive volues of char-o att zirod at
the hifh dosages. This is rxido wery evident by oomparing tho distilled
water curves aind tho other ourvos in Figurcs 1.., X0 XI, XII', anid XIII.

in the yrasonco of 100 ng/i or moro of C - as appoars in
Figuro IX - about 4 to 6 nmg,/I of qvatornary is rcquaired to b.-ing the
baocrial chargc to zero, and 30 n,/'& to in,,cre;ase it to tho -nositivo
valuo roamohod in tho disti hod ivat or sus,,--nsi-cns at 10 4-.- 1O-
quatornary. Figure X showrs thzt very mllqu.tiltios of AlH+ :av
largo offoots. In the prosonc,.. of 0.%'6 mg of ; (Ins Caco,),
6 rn /l of quatcrnary a:eneeded to -ivo zero bactorial R-rc,~nd
18 niF/l of quatorn-.ry givc's the'i s o csitivc clrlx',e as r nj/I in
di stillod ra tor. This oonfi. the. pr ovi: -;s obs c rv .ti I Or t 0. 1 -nj/i
of 1&1l+ ha-f aa rroat n advcrso offoot cas 503 ~/ of C,-+ on- rcen.oval
of aeliform ergrvnisrls by flota-tion. ($ooticn XI

Color, oithar rratural or a"OlO %as si:i)ar n~fcz rozu-.:bly
othor or-anio cornpcrnonts vxould lo th Cri e ",::U, XIs>,rT
happons wvzhen n i~1' of :tu1.cv-lc. 1-S -Cz let0 ~X
clistillo-d vwa-tcr, a.-d to a filtoro' t:) w-.tor (C:.- id.,ecustt)
In oithor cias, -who qut~:r ro rc;nen.-t for c qiiv -on eh~~of
aactorional chargo wcs grxatly icrcaod, nn theutw.o;~itv
ohar!7o attaire ral ora, . d'c color ciaott
200 unit:; of ntural color doublon quatorrary r ie~sill the o
water, and increases thon by seven- fold in the distillol waater.
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In natvrhl waters, the ctfcots of tho irterforing comvponionts aro
mero or lose oaddi~ivo, as shown in Figure XII. Tho Lkzdnton Brooic,
P. soit wiator of moderato color,, ooio olosest to distilled. Charles
Rivor, with about tho smuio color content, but a rimoh highor hardnesss
and a considerablo dogroc of pollution has a far Groator quatcrnary
requiromont, as does also the Hobbs Brook Ilosorvoir vratcr (Cunbridgo
ravi ,-rtcr) which is soft but highly colored. It is irxtcrcsting to
oo;.iprro this wilh tho f inal Canj~brJidgo trap vm.ter, which is inoroasod

* in hardness, bu; substattially froed of colors The troat.ncnb: leaior.
quatornar- roquiro.mnts -to Cot to zero bacterial oh-rge from 50 ndl1
to 22 ngfl.

The position of Boator, !13tro:?' olitaNn tpwatcr is
ariomlous; it ir an unfiltorod walvor let: inA hardness a-nd color, but
it. quatcrnary roquiromonts arc 'ctrthan vould be oxproet-od. , 'ia

=3IYGOG Of thaor watcra arc rivcn In Ta-ble 1I1. Figuro XII1 shc-as
a oopparison beotveen this watcr a-nd a- synthotio water 1undo up to
'Pcntain all the Idontificd rdczi oonstitucztb -'ito t,=P vmtoe The
iymthotio watur has ruch nuch lowor quatornary ro quircncrits tha. th,:-o
natural tap waor ands 1r, fact, olosoly ap,-).rAoaahos distillod mztor.
It is ovidont, thc.t srzll quantities of u±ic.otilX'i, co.,,pancnts, such
as or ,Anio rmttor,, silio.- or polyvaleont positive ions *:-,ust aocount
for the difforonco Thii is an oxmnpic of~ thc oxtro~io sons iti',nc as
to SLXall quantities of cortain co'nponents.

Conclusions fron Elootroph-1orotio Stu~lios.

The rosults of the olootrophorctio studios -.ru in, lino -with those
obtained in te stud.icq of tho influoc= of -wiator oo;-.'1osition oia
romval of eortr-nians by flotation. Thoy ir.~ionto that scvora,'l o0 .-. nc

foun in at~al wters - o:nx idon 1icO, so;:,O not - intcrforo grea~tly
witth the sorption o,: quator,-L-y cc,-iiu opcun-.L by bactcriax. IiE
the quntornary is not sorboed by tho ba-otoriuri 1 prosurably it canI-

neither kill the orjv-nisn nor aid .n its atzcotto the fiL;. Of a!',
airwb~] for r~ohanioal. rw-.oval in Wrho froth.

Thoc oxpori:;onts :'o no-z cluoidato4- t.-:ch~ino' h ~cfrn

it m3~ oithcr be n ;icn of thc. surfr-,oL o f t hc bat c;iz sc ta
lose quaternary i3 nclsoi-*.od for r, -i~mic: ~rt '" , o
or it ny be a nodifiat ion or adsorption of tq oui:tcrmary it:s,7f b'!
the intorforin,~ t;Qrnt,, so tha.; Icss of thu i & utr~r is vibl
fer the 1xaotcrlbur. Li±thc~r nora~s ilc'hnth :o cr* icon
the ohargo on tI.o orraniz o.=i rtill ' o clr y iQ ir:thc :a ;u~ts

of quntornr.-y* In r~q oa-sos th.- ,-,ooo-s is i;4io:-tcd as^3~;vr



XIV. Gonoral conclusion,

Tho ori~,na3 proposal onvisionorl tho 'Purification of viator by ro-
1* iio~g colors turbidity, and i ±oro.-orgunt&~a in tho filr of bub'lgs

r ~fornod by ae ling quatornar., an.on,=r oon.pounde to tho viator and aorating,
taking off tao froth of btLbblos a formod. This proooduro appoarod
to offor sovoral advantagoo, =nng thorn the olimination of ounboraormflltors, tho speoding up of tho purifo~inpoouo n outo
in tho aetuakl bulk 0- ohoniocais usc,4 in purification. in viaw of thogoposaiblo advtintagos, it was given oonsidoration. as a poasibla field$
PurifiOaU;OU =thod for tho arnod foroos,

Tho rosults of this study hawo shovn that this nothod is inds-A
oapablo of a high do[roc of romoval of mioro-orgnnia2a ranGing fron
amoobio cysts$ throuGh bacteria to virusom and also a hiGh dogroc of
removal of such aosthtioul3lr objootiomablo foaturos a3 color and
turbicitys This rorioval is conditional oni the addition of sufficiont
quator=ar ruorium ompound, and vnortion ot a'slovi onzuh rate, ',r
a long oncugh ttmo, to oure rrmoval. vwhilo at tho acmo~ tine 11ooping
loss of vwitor in tho foan at a mniLr.

The major difficulty .-;th thc proccas is i:pidin *,he pr-oodir.o
sentonco, Lmv tonporaturos, ar.0 a nui.bor of oom:.oznonts prcvmrt in natural
waters, -of vihioh the ardnoss ions, soono Polyvalcnt, ions, such ad ,I+
color, ond turbidity havo boon identified, . all1 increase the --Ount
of quatcrnary required to soouro adoquato remeval. This !±.rcm.as,; furtherentails a slovinG of aeration rates and alongthcni . o etiontie
to soouro rcrova1 of tho quatcrnary (avoicianoo of t,..to) and avoidanoo
of oxoossi.oa vmtor 10ss -.n the foa,,x

Tho altorativas in practio:.1 usc .vcu1_' sce-i to bo oithicr (a) to lavo
a fairly ooriploto oxalysis of the rm:... cr "Lo b.: trcat-,.od in oardor to
eti'"ate 'thal rot.'ired dose of quatcrnary, or (b.' to sc ; the quatoi-nary

doso and aeration ti'o and ro.to at 1ThyoIS adOqUa".tO to 30O11 .- : r
variation in vmtcr compsiticn likcly to lao oncountorod. 7.-is lattor
onc would soon tc bo thG only possibl.o prooodur'o ir, the fiold,

In viovi of' t-Ye marked offcots, fX. x:-;l' of ovon vory S~cl
quarlities Of Al+++ it LoV W %,t~ot arbitvrary fituros hK orcA.,Lh for ~L1 "atcrs th-vt noulcd beo u c in tlv fi~old w:oul%,
bo both u'nooononio and procua*rs A". is t,*-nrc.erc 0o~ue that:
unloss further researchI inc~icatos vmys z;.- ovcrocrdTh,; ;hc 4.1torf.~rinoc,
tho proooss is not aclaptc tO CiOld U3e. '70 0-ate, ;10~ad h.--o b,)cn
Zound on overcooing tio Intorforono, This ocnclusiun "lcc: rot r,;-
oludo oorjideratior. of tho prcojas whor. .r.1tor ocn:;ositirn is ~~
nr. L',-irly stabfl~o for this mp.'1ioati.,v It ha.s sono intaroating
pctontialitione


